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Experimental Animals
Two month old, random bred, female, albino
hairless mice were housed in metal cages and fed
on unrestricted quantities of Wayne Lab Blox
and water.
Light Source
A Hanovia air cooled hot quartz contact lamp
which emits 14.96 X 1O ergs/cm2/sec of ultra-
violet light energy shorter than 320 nm at a dis-
tance of 3.4 cm was used as the light source. The
energy was measured with a Hanovia ultraviolet
meter (Model AV-971).
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Radioactive Tracer
Tritiated thymidine (TdR—H3) with a specific
activity of 11 c/mM was used in a concentration
of 100 c/ml. of normal saline.
Method
The posterior halves of the backs of 38 mice
received single 5 second exposures from the ul-
traviolet source (7.48 X 100 ergs/cm2). The ex-
posed sites of separate groups of mice were then
injected intradermally with 10 c of TdR-H3
(1/10 ml) at 5, 10, 20, 30, and 45 minutes and 2,
3, 4, 5, and 6 hours postirradiation. The backs of
six nonirradiated mice were also injected intra-
dermally with the radioactive tracer in identical
amounts. Biopsies were secured one hour after
injection.
Light Microscopic Autoradiography
The tissue was fixed in formalin-acetic acid—
alcohol. After dehydration the samples were em-
bedded in paraplast and sectioned at 4 microns.
Autoradiographs were made with Kodak nuclear
track emulsion type NTB-2 and developed with
Amidol developer followed by Edwal Quick
Fixer after 21 days exposure. The sections were
then stained with hematoxylin and eosin.
Using this technique, TdR-H3 labeling of non-
irradiated epidermis occurs only in the basal cells
and in concentrations primarily greater than 20
silver grains per nucleus. Therefore, basal, mal-
pighian, and granular cell nuclei containing 3 to
10 grains and basal cell nuclei with greater than
10 grains were tabulated in 5 mm lengths of in-
terfollicular epidermis before and after UVL
irradiation. No malpighian or granular cell nuclei
contained greater than 10 grains at any time dur-
ing the study.
Electron Microscopic Auloradiography
The specimens were fixed in 3% glutaraldehyde
phosphate buffer solution (pH 7.4) followed by
2% phosphate buffered osmium tetroxide. The
tissue was then dehydrated and embedded in a
mixture of Epon and Araldite and was cut at 800
A.
The sections were filmed with L-4 emulsion
using a modification of a loop method described
previously (6). The specimens were exposed for
7 weeks at 40 C and processed with the Amidol
developer and Edwal Quick Fixer. The tissues
were then stained with uranyl acetate and lead
citrate and examined with the Siemens Elmiskop
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UVL INDUCED STIMULATION OF DNA SYNTHESIS
IN HAIRLESS MOUSE EPIDERMIS*
JOHN H. EPSTEIN, M.D., KIMIE FUKUYAMA, M.D.
AND WILLIAM L. EPSTEIN, M.D.
Previous studies with micro-organisms and
cultured mammalian cells have established that
depression of DNA synthesis is an early cel-
lular event following ultraviolet light (UVL)
irradiation (1—4). Recently we reported a simi-
lar UVL induced inhibition of DNA synthesis
in basal cells of the mammalian epidermis
in vivo using intraperitoneal injections of
tritiated thymidine (TdR-113) in relatively low
concentrations (2 pc/gm) and specific activity
(3 c/mM) (5). In the present study we de-
scribe stimulation as well as depression of DNA
synthesis in the living mammalian epidermis
occurring shortly after UVL exposures. In
order to detect this response it was necessary
to inject the TdR-113 (specific activity of 11
c/mM) intradermally to insure higher concen-
trations of the radioactive tracer.
MATERIALS AND METHODS
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TABLE I
Labeled nuclei post UVL irradiation
Time Alter
UVL*
No.
Mice
Basal Cell NucIei**
(>10 grains)
Basal Cefl Nuclei**
(3—10 grains)
Mapighian Cell Nuclei**
(3—10 grains)
Gianular Cell Nuclei*
(3-10 grains)
Mean Std P Value Mean Std P Value Mean Std P Value Mean Std P Value
NoTJVL
5mm.
10mm.
20mm.
30mm.
45 mm.
2hrs.
3hrs.
4hrs.
Shrs.
6 hrs.
6
2
5
6
4
2
3
4
4
4
4
53.83
31.0
55.0
36.66
28.75
34.5
30.33
10.25
3.0
9.0
4.5
16.92
2.0
20.26
12.75
11.67
0.5
8.27
9.98
1.87
4.94
2.95
—
<0.2
NS
<0.1
<0.05
0.2
<0.07
<0.01
<0.001
<0.01
<0.001
3.33
120.5
109.6
152.0
100.75
64.0
49.33
22.5
31.5
47.5
27.5
1.89
87.5
63.15
54.49
87.08
18.0
15.38
14.3
6.98
15.33
12.05
—
0.025
<0.01
<0.001
<0.001
<0.001
<0.001
0.02
<0.001
<0.001
<0.01
0.33
57.5
52.0
56.5
35.5
24.0
11.33
1.0
1.5
2.5
1.5
0.47
41.5
39.56
28.38
30.66
11.0
4.11
0
1.11
1.65
0.86
— 0.16
<0.01 20.0
<0.02 14.8
0.001 10.16
<0.05 12.0
<0.01 2.5
<0.001 0.66
0.02 0
0.15 0
<0.05 0
<0.05 0
0.37 —
17.0 <0.001
8.54<0.01
8.31 0.02
11.87<0.07
0.5 <0.001
0.47 0.15
0 NS
0 NS
0 NS
0 NS
* Time of intradermal TdR-H3 injection.
** Number of labeled nuclei per 5 mm of interfollicular epidermis.
P value was determined from counts in irradiated tissue and non-irradiated tissue using the T-test
for comparison of means and standard deviations.
NS = not significant.
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RESULTS (Table I and Fig. 1)
Germinative Cells
Almost all of the labeled basal cell nuclei
in the nonirradiated epidermis contained more
than 10 silver grains. Actually the TdR-H3 label
was present in much greater concentration
(Figs. 2 & 5). Within 5 minutes after T.JVL
€xposure an apparent depression in the number
of densely labeled nuclei occurred. This re-
duction became statistically significant by two
hours and remained so for at least six hours post-
irradiation
In contrast a large number of basal cell
nuclei showed only three to ten silver grains,
five minutes after UVL exposure. This sparse
labeling pattern persisted for 45 minutes and
then subsided somewhat. However, even at
six hours a significant number of basal cells
showed the sparse labeling (Figs. 3, 4 & 6).
Differentiated Cells
Malpighian and granular cells of the non-
irradiated hairless mouse skin showed essen-
tially no incorporation of the TdR-H3 (Fig.
2). By five minutes after the T.JVL exposure
many of these cells demonstrated the sparse
labeling noted in the basal cells (Fig. 3). This
pattern again persisted for 45 minutes the num-
ber of labeled cells decreasing thereafter (Fig. 4).
However, some malpighian cell nuclei contained
3--10 silver grains for up to six hours.
We were unable to detect the sparse label-
ing of the malpighiai and granular cells on the
electron microscopic autoradiographs with the
exposure time used in this study.
Desoxyribonuclease (DNAa.se)
Because of the unusual pattern of TdR-W
distribution post-irradiation the effect of pre-
digestion with DNAase was investigated.
Twenty milligrams of IX crystalized DNAase
(Worthington Biochemical Corp.) was dis-
basa ce nuc\e grains
o—O baaI cet nucei \Orns
apiooce nu\ei 3-Ograns
.— rnu\r ce% -w.de 3-Orans
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Fic. 2. Light microscopic autoradiograph of nonirradiated hairless mouse skin showing
dense TdR-H3 labeling of a basal cell nucleus. No sparse labeling of basal, malpighian or
granular Cells is seen.
FIG. 3. Light microscopic autoradiograph of hairless mouse skin 20 minutes after UVL
irradiation showing sparse TdR-113 labeling of many basal, malpighian and granular cell
nuclei.
FIG. 4. Light microscopic autoradiograph of hairless mouse epidermis 3 hours post UVL
irradiation showing no TdR-H3 labeling of the epidermis. Two sunburn cells are present
(arrows).
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FIG. 5. Electron microscopic autoradiograph of nonirradiated hairless mouse epidermis
showing dense TdR-113 labeling of basal cell nuclei.
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FIG. 6. Electron microscopic autoradiograph of hairless mouse skin 30 minutes post IJVL
irradiation showing sparse TdR-H3 labeling of a basal cell nuc1eu.
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FIG. 7. Light microscopic autoradiograph of hairless mouse skin 20 minutes post-irradia-
tion pit-incubated with DNAase showing elimination of the TdR-IP labeling of epidermal
cell nuclei.
TABLE II
Chemical extraclion
solved in 40 ml tris-maleate buffer (0.O5M) at
pH 5.7 with 0.2 M magnesium sulfate. A series
of sections were incubated with the DNAase
solution or the buffer alone for 24 hours prior
to autoradiograph preparatioit Comparison of
the enzyme and buffer treated sections re-
vealed that the sparse TdR-H3 label in the
basal, malpighian and granular cell nuclei was
completely eliminated by the DNAase (Fig.
7). These findings indicate that the labels noted
in the autoradiographs were due to incorpora-
tion of the tracer into the DNA molecules.
Chemical Extraction of DNA
The effect of UVL on the distribution of the
TdR-H3 label was further examined by chemical
extractioi (7). The amounts of radioactivity
present as nucleosides extracted with cold
0.3M-TCA, DNA extracted with hot 0.6M-TCA,
and the residue hydrolyzed in hot HCI (6 Nor-
mal) were compared in a series of nonirradiated
and irradiated tissue. Determthations were made
with a Beckman Liquid Scintillation System
(Model L.S. 200).
The results as noted in Table II indicate
that UVL radiatioji did iot significantly alter
the distribution of the radioactive tracer in the
lissues. Generally greater than 85% of the
tritiated thymidine was present in the DNA
molecules aid less than 15% was in the com-
bined nucleoside and residue fractions. These
findings support the concept that the labeled
nuclei noted autoradiographically in irradiated
Time alter
UVL
No UVL
20 mm.
3 hours
4 hours
5 hours
hours
No. ol
mice
3
2
2
2
2
2
Cold TCA % Hot TCA %
Mean Std Mean Std
6.362.5985.3 2.59
9.553.8487.5 0.9
10.355.0479.1 1.6
4.85 0.54 88.35 0.34
8.0 3.7 86.1 2.6
5.25 1.64 89953.04
Hot Hcl %
Mean Std
11.56 4.79
2.95 2.94
7.25 0.34
6.2 0.7
5. 75 1. 14
4.55 1.50
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and nonirradiated tissue represented TdR-H3
incorporation into the DNA molecule as re-
ported by Bryant (7) and as demonstrated by
the DNAase studies.
DISCUSSION
Approximately 5% of the basal cells in the
hairless mouse epidermis synthesize DNA
under normal conditions (5). When relatively
low doses of TdR-W (50 gic/25gm mouse)
were injected intraperitoneally this synthesis
was demonstrated autoradiographically by the
presence of 5 to 20 silver grains over the in-
volved nuclei. With the use of higher doses of
the tracer obtained by intradermal adminis-.
tration the same percent of basal cells were
labeled but usually more than 20 grains were
present and frequently the concentration was
too dense to count (using identical auto-
radiographic techniques). Only basal cell nuclei
were labeled with both methods of administra-.
tion.
Shortly after UVL irradiation depression in
DNA synthesis occurred as demonstrated by an
absolute reduction in labeled basal cells when
the intraperitoneal injection method was used.
The labeling present was confined to the basal
cell layer. With the intradermal administration
of TdR-H3 this inhibition was shown by a re-
duction in the number of densely labeled basal
cell nuclei. However, the concomitant appear-
ance of malpighian and granular cell as well
as large numbers of basal cell nuclei showing
a sparse labeling pattern (3—10 grains/nucleus)
was observed. This sparse labeling occurred
within 5 minutes after exposure, reached a
peak at about 20 minutes and fell off
markedly after 2 hours. The pattern did per-
sist in some cells especially in the basal layer
for at least 6 hours.
The possibility that this peculiar labeling
pattern was due to ultraviolet light induced
combination of the tritiated thymidine with
non DNA molecules was considered. The pri-
mary incorporation of the label into DNA was
confirmed by the distribution of the tracer in
chemically extracted DNA from irradiated and
nonirradiated tissue and the elimination of
this labeling pattern by incubation with
DNAase.
The sparse incorporation of tritiated thymi-
dine in the basal cell nuclei could in part have
represented an ultraviolet light induced lower
rate of DNA synthesis in basal cells in the
S-period of the mitotic cycle as described in
cell culture systems (8). However, the high
labeling index in the basal cell nuclei shortly
after exposure and the incorporation of the
tracer into the malpighian and granular cells
indicate that there is an absolute increase in the
number of epidermal cells synthesizing DNA at
least in the early postirradiation time period.
Though the purpose of this new DNA syn-
thesis following IJYL irradiation is not clear,
information gained from other systems suggests
3 possibilities: 1) pre-division semi-conservative
synthesis for rebuilding the damaged epidermis,
2) replacement of injured metabolic DNA nec-
essary for protein formation, and 3) repair
replication in injured DNA molecules.
If the new DNA formation represented true
pre-division synthesis it would appear to have
been an abortive attempt since it fell off
markedly 2 hours after exposure and increased
cell division is not observed until many hours
later. Further, there is no evidence that the
malpighian and granular cells dedifferentiate
to participate in the eventual postultraviolet
light induced hyperplasia.
The participation of the differentiated mal—
pighian and granular cells suggests an accelera-
tion of metabolic DNA synthesis involved in
protein formation. The studies of PeIc and
his co-workers (9—11) indicate that metabolic
DNA is synthesized very slowly apparently
to replace DNA used up in the transcription
of RNA for protein formation. It is possible
that UVL damage precipitated a much faster
rate of synthesis. Since it requires approxi-
mately 8 months exposure time to demon-
strate normal metabolic DNA synthesis auto—
radiographically, post UVL acceleration would
have to be quite marked to be seen in our
study using 21 day exposure periods.
The third possibility concerned the repair
of UVL damaged DNA molecules. A number
of reports indicate that this damage results,
at least in part from pyrimidine dimer forma-
tioji especially involving thymine bases (12).
Recovery can be accomplished by photoreacti-
vation, that is light energy splitting of the
dimers or by repair replication in which light
energy plays no role. In repair replication or
dark reactivation the dimers are removed from
452 TEE JOURNAL OF INVESTIGATIVE DERMATOLOGY
the injured DNA molecule and replaced by
monomer bases in appropriate sequence. Both
repair mechanisms function in bacteria and
eukaryote cells (12—18). In mammalian cells
photoreactivation has not been described but
recent studies indicate that dark repair does
occur in cultured cells (19—21). Autoradio-
graphically this repair replication is repre-
sented by uniform light labeling of cell nuclei
not in the synthesizing phase of the cell cycle
similar to the pattern observed in our hairless
mouse epidermal cells (19, 21). However,
identification of excised thymine dimers and/or
demonstration of TdR-}P incorporation into
existing DNA molecules would be neces-
sary to establish this repair replication func-
tion in the living mammalian epidermis.
SUMMARY
TJVL stimulated DNA synthesis was studied
in mammalian epidermis in vivo. The skin of
albino hairless nüce was irradiated with
7.48 x 106 ergs/cm2 of short TJVL energy
(<320 nm). Tritiated thymidine was injected
intradermally into the irradiated sites of
separate groups of mice at various time
periods from five minutes to six hours post-
irradiation. Light microscopic autoradiography
revealed a depression in densely labeled basal
cell nuclei appearing shortly after exposure
and becoming most marked by two to six
hours. In addition a diffuse sparse nuclear
labeling pattern in the differentiated mal-
pighian and granular cells as well as in the
basa] cells. was noted within five minutes after
exposure, reaching a peak at twenty minutes
and subsiding notably by two hours. How-
ever some sparsely labeled nuclei persisted
throughout the duration of the study especially
in the basal cells. DNAase incubation and
chemical extraction studies confirmed that the
labels noted in the autoradiographs were due
to the incorporation of the traces into the
DNA molecules. The results of these studies
indicate that ultraviolet light stimulates as
well as depresses DNA synthesis in the mam-
malian epidermis in vivo. Whether this new
DNA represents semi-conservative pm-division
synthesis, formation of metabolic DNA, or
repair replication remains to be determined.
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